Oxidized low-density lipoprotein stimulates p53-dependent activation of proapoptotic Bax leading to apoptosis of differentiated endothelial progenitor cells.
Dyslipidemia increases the risks for atherosclerosis in part by impairing endothelial integrity; endothelial progenitor cells (EPCs) play a pivotal role in reendothelialization. In this study, we investigated the mechanism whereby oxidized low-density lipoprotein (oxLDL) affects the function of differentiated EPCs (EDCs). In EDCs expanded in vitro from EPCs isolated from human cord blood, we measured EDC responses to both copper-oxidized LDL and L5, an electronegative LDL minimally oxidized in vivo in patients with hypercholesterolemia. OxLDL induced apoptosis of EDCs and impaired their response to nitric oxide. We found that the key to oxLDL-induced apoptosis in both EDCs and endothelial cells is the induction of a conformational change of Bax, leading to Bax activation without altering its expression. The conformationally changed Bax translocated to the mitochondria and stimulated apoptosis, as Bax knockdown prevented oxLDL-induced apoptosis in EDCs. The activation of Bax is mediated by an increase in p53 and knockdown of p53 abolished oxLDL-induced activation of Bax and apoptosis. OxLDL activated p53 through production of mitochondria-derived reactive oxygen species. In EDCs treated with a recombinant adenovirus expressing superoxide dismutase or N-acetyl-cysteine (but not catalase), the p53-Bax pathway activated by oxLDL was blocked, and apoptosis was prevented. Of importance, treatment of EDC with low-concentration L5 stimulated superoxide dismutase expression, which significantly attenuated apoptosis in EDCs exposed to high-concentration L5. These findings suggest that exposure of EDCs and endothelial cells to either experimentally prepared or naturally occurring modified LDL results in an increased transfer of mitochondria-derived superoxide anion to p53, which stimulates a conformational change in Bax favoring its translocation to the mitochondria with resultant apoptosis of these cells.